Introduction
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At the beginning of this century thyroid preparations were 5 Present address: Women's Hospital, Medical University of Lübeck, already being administered to women with clinical signs of Ratzeburger Allee 160, D-23538 Lübeck, Germany hypothyroidism to improve ovarian function for fertility 6 To whom correspondence should be addressed reasons and to treat menorrhagia (Koblanck, 1916) . Later, after endocrine thyroid tests had been established, many euthyroid Preliminary data have suggested that female infertility due women were also treated with thyroid hormones on a routine to corpus luteum insufficiency may be caused by subclinical basis merely because they were anovulatory (Griff and Vande hypothyroidism [exaggerated thyroid-stimulating hormone Wiele, 1974) .
(TSH) response to thyrotrophin-releasing hormone (TRH)
Thyroid function and prolactin are closely interrelated. stimulation]. L-Thyroxine supplementation has been recomLong-standing, untreated hypothyroidism is associated with mended to achieve pregnancies in subclinical hypothyroid ovulatory dysfunction (Del Pozo et al., 1979) and, in 1-3% women. This controlled study was carried out in order to of cases, with galactorrhoea (Kleinberg et al., 1977) . Thus, it investigate the biochemical diagnosis of subclinical hypois important to assess thyroid function in the investigation of thyroidism as a possible infertility factor. Five infertile galactorrhoea (Yamada et al., 1976) . Increased thyrotrophinpatients (aged 25-36 years) with subclinical hypothyroidism releasing hormone (TRH) production, or more likely a dimin-(n ⍧ 4, stimulated TSH >20 µU/ml) or primary hypoished hypothalamic dopamine turnover, could account for thyroidism (n ⍧ 1) and five healthy controls (aged 22-39 hypersecretion of thyroid-stimulating hormone (TSH) and years) with normal thyroid function (stimulated TSH prolactin in hypothyroidism (Thomas and Reid, 1987) . Hypo-<15 µU/ml), regular cycles and no history of infertility thalamic deficiency of dopamine not only explains the prolactin were studied in the early follicular phase. In the pre-study and TSH abnormalities, but also luteinizing hormone (LH) evaluation, eight of 23 volunteers (34.8%) had to be overproduction (Feek et al., 1980; Scanlon et al., 1981) . excluded because of subclinical hypothyroidism with stimuInfusion of dopamine leads to a rapid decline of LH, TSH and lated TSH values (TSH s ) >15 µU/ml. Cycle function of prolactin (Thomas and Reid, 1987) , while infusion of the patients and controls was compared by the method of LH dopamine antagonist metoclopramide results in an increase of pulse pattern analysis. Therefore blood samples were drawn TSH and prolactin (Rossmanith et al., 1988) . Disturbed pulsatevery 10 min during a 24 h period. Sleep was recorded ile release of LH, TSH and prolactin interferes with the normal from midnight to 7 a.m. Repetition of the TRH tests at the hypothalamic-pituitary-ovarian function. This can result in end of the 24 h blood sampling period confirmed the menstrual dysfunction, ranging from inadequate corpus luteum difference in stimulated TSH values of the two study progesterone secretion to oligomenorrhoea or amenorrhoea.
groups. Pulse analysis for luteinizing hormone (LH), TSH
Subclinical hypothyroidism can be an early stage of hypoand prolactin showed no differences between patients and thyroidism and is characterized by an exaggerated TSH controls for pulse frequency, amplitude, height, length, response to TRH stimulation [in gynaecological practice area under curve (AUC) and the 24 h mean. Even the normal values for stimulated TSH (TSH s ) are Ͻ15 µU/ml] hypothyroid patient had a normal LH pulse pattern. Addiand normal thyroxine and triiodothyronine concentrations in tional measurement of melatonin in pooled sera every the blood (Hoff and Obricht, 1988; Franklyn, 1995 ; Lazarus, 30 min gave the well-documented diurnal profiles during 1996). Preliminary data have suggested a possible link between day and night for both groups. Patients had significantly this biochemical diagnosis, luteal phase defect and female higher melatonin values at seven time points during the infertility (Bohnet et al., 1981) . Subclinical hypothyroidism night. Peaks for LH, TSH, prolactin and cortisol were correlated with the sleep stages wake, rapid eye movement, has also been reported in a cohort of women with premenstrual Ethics syndrome (Brayshaw and Brayshaw, 1986) . However, the relationship between subclinical hypothyroidism and ovarian ( Thomas and Reid, 1987; Pickardt, 1989 Rechtschaffen and Kales (1968) continuation of thyroxine supplementation for fertility reasons for judgement of sleep into stages, electrodes were placed using a in subclinical hypothyroid patients.
standard procedure to perform electroencephalography and to record eye movements and chin muscle activity by electromyography.
Materials and methods
The next morning at 8.30 a.m. the continuous blood sampling was stopped and basal blood samples were obtained for determination Inclusion criteria for patients and volunteers were age Ͼ20 and Ͻ40 of oestradiol, progesterone, testosterone, dihydroepiandrosterone years, regular menstrual cycles (21-35 days) and a normal thyroid sulphate (DHEA-S), cortisol, triiodothyronine (T3), free thyroxine ultrasound with thyroid volume ഛ18 ml and no morphological lesions.
(FT4), LH, follicle stimulating hormone (FSH), TSH and prolactin. Exclusion criteria were defined as history of thyroid disease, goitre A combined pituitary stimulation test with 25 µg of GnRH and (thyroid volume Ͼ18 ml) or other morphological thyroid anomalies, 200 µg TRH (Relefact R LHRH 0,025 and Relefact R TRH200; including nodules or increased basal prolactin Ͼ600 mU/l. Five Hoechst, Germany) and 100 µg of corticotrophin-releasing hormone women, aged 25-36 years (median 32 years), attending the Women's (CRH) (Corticobiss R ; Bissendorf, Hannover, Germany) was then Hospital in Münster for infertility reasons, fulfilled the study criteria.
performed. Further blood samples were taken at distinct time intervals They were examined for ovarian function in an untreated menstrual to obtain stimulated values of LH, prolactin, TSH, FSH and cortisol cycle by a commonly used endocrinological screening protocol (De (ϩ25, ϩ30, ϩ45, ϩ60 min). All blood samples were allowed to clot Geyter et al., 1993) . A stimulation test with 200 µg i.v. TRH (Relefact overnight. Serum samples were then stored at -20°C prior to assay TRH 200 R ; Hoechst, Frankfurt, Germany or TRH Ferring R , Kiel, in one group to avoid bias by interassay variations. Germany) and thyroid ultrasound were included in the screening programme and four of these five patients were diagnosed as having Prestudy hormone determinations subclinical hypothyroidism with TSH s ജ20 µU/ml. The fifth infertile patient was suffering from clinical hypothyroidism. Substitution Prestudy hormone determinations for LH, FSH, prolactin, TSH, oestradiol and progesterone were carried out using commercial kits therapy with 150 µg L-thyroxine per day was stopped 4 weeks prior to the study.
on a routine basis as described before (De Geyter et al., 1993) . Prestudy TSH and prolactin values of the controls were measured The control group consisted of five stress-free healthy women (aged 22-39 years, median 30 years) with no history of infertility using commercial reagents (competitive enzyme immunoassay SR1) and an automatic measuring apparatus (SR1; Serono Diagnostics, and proven normal thyroid and ovarian function. All control women had TSH s Ͻ15 µU/ml and had not taken contraceptive pills for at Freiburg, Germany). Serum samples for measurement of oestradiol and progesterone of the controls were stored at -20°C until they were least 3 months. All underwent a prestudy evaluation in a preceding cycle in the mid-luteal phase. During the prestudy procedure, the assayed as a single group using a commercially available enzyme immunoassay for the automatic measuring apparatus ES300 thyroid was examined using a stimulation test with 200 µg i.v. TRH (Relefact TRH 200 R ; Hoechst) with determination of basal TSH (Enzymun-Test R Ö stradiol und Progesteron; Boehringer, Mannheim, Germany). Both thyroid peroxidase (TPO) antibodies and antibodies (TSH b ) and TSH s , and thyroid ultrasound. Exclusion criteria were diagnosis of goitre (thyroid volume Ͼ18 ml) and increased basal against human thyroglobin were analysed by commercial radioimmunoassays (DYNOtest R anti-TPO and THYRAK-Assay R ; prolactin Ͼ600 mU/l. Serum samples were stored at -20°C for later analysis of oestradiol, progesterone and thyroid antibodies.
Henning, Berlin, Germany). Determination of steroids and SHBG at the end of the 24 h between expected and observed frequencies were found during peaks and start of decline for all hormones tested. Results for blood sampling resulted in normal values for testosterone, DHEA-S and oestradiol for the early follicular phase (Table  frequencies of dominant sleep stage during peaks are shown in Figure 3 . Slow wave sleep was increased and awakeness V). Progesterone was not measurable in all women studied and confirmed early follicular phase. Although there were no reduced during LH peaks and more pronounced during prolactin peaks. LH pulse frequency was reduced during sleep. TSH statistical differences for any parameter, the controls were more androgenaemic (testosterone and DHEA-S slightly higher peaks more frequently occurred during awakeness and less often during REM sleep. Figure 4 illustrates the nocturnal, and SHBG slightly lower).
Study hormone determinations
Determination of melatonin values in sera pooled every physiological rise of prolactin and the corresponding sleep histogram for patient 1. 30 min during the day resulted in the well-documented diurnal pattern of higher values during the night and lower values during the day (Figure 2 ). Melatonin concentrations were Discussion significantly different between patients and controls, with higher melatonin values for the subclinical hypothyroid patients Subclinical hypothyroidism is a very common finding during the infertility work-up of infertile women. Endocrine thyroid at the following time points: 8 p.m. until 9 p.m., 10 p.m., 10.30 p.m., 11.30 p.m. and 4.30 a.m.
testing of infertile women referred to our infertility clinic revealed an incidence of subclinical hypothyroidism of almost The expected and observed frequencies of dominant sleep stages according to peak nadir, start of ascension, ascension, 25% (Bals-Pratsch et al., 1993) . Our data are in the same range as those of other reports (Speroff et al., 1989) . However, subclinical TSH determination has already been integrated into a diagnostic scheme for endocrine infertility work-up for hyperprolactinahypothyroidism has never been proven to be a cause of female infertility. Results of a preliminary study (Bohnet et al., 1981) emic patients (Lunenfeld et al., 1992) . Lunenfeld et al. suspected that patients with increased prolactin values are often hypothyin infertile women with TSH s Ͼ15 µU/ml showed higher progesterone concentrations under low-dose thyroxine substitution roid. However, this cannot be observed regularly and we were unable to find any correlation between basal or stimulated TSH therapy compared with untreated values. Thus, thyroxine therapy has generally been recommended for all subclinical hypothyand prolactin values in infertile women (Bals-Pratsch et al., 1993) . On the other hand, there are case reports that severe roid infertile patients to improve luteal function. Increased pregnancy rates were reported in subclinical hypothyroid hypothyroidism may mimic a prolactinoma with radiological diagnosis of a pituitary tumour (Bigos et al., 1978) . patients after initiation of thyroxine supplementation (Bohnet et al., 1981; Bispink et al., 1989) . In order to identify those Pituitary hormone release and ovarian steroid production are probably modulated by paracrine effects in the pituitary infertile women with subclinical and clinical hypothyroidism, stimulation is increased in women receiving oral contraceptives (Ramey et al., 1975) . In-vitro oestrogens augment the TRHinduced TSH and prolactin secretion of pituitary cells (De Lean et al., 1977) . Perhaps the increased incidence of 34% subclinical hypothyroidism in fertile volunteers versus 25% hypothyroidism in infertile patients can be explained by differences in the ovarian steroid production rates between the two groups. Ovulatory ovarian function is controlled by the hypothalamus and the pituitary gland. Knobil (1980) discovered the GnRH pulse generator in the hypothalamus. GnRH pulse generator activity can be detected by analysis of LH pulses in peripheral blood (Crowley et al., 1985) . The episodic gonadotrophin secretion is dependent on the cycle phase. In (Crosignani et al., 1995) . Androgens have an inhibitory influthe follicular phase, LH pulses occur every 90 min, at midence on the TSH response to TRH (LeRoith et al., 1981 ; Spitz cycle pulse frequency accelerates and, in the luteal phase, et al., 1983) , while oestrogens have a stimulatory effect on following the influence of progesterone, pulse frequency decelpituitary TSH release. In premenopausal women, the TSH erates (Filicori et al., 1986) . Prerequisite for a normal ovulatory response to TRH stimulation is diminished by oestrogen cycle is a physiological LH pulse pattern and this can be used deprivation by ovariectomy and can be restored by oestrogen as an indirect estimation of the hypothalamic GnRH pulse frequency (Schweiger et al., 1989) . The study of episodic supplementation (DeLeo et al., 1993) . TSH response to TRH hormone secretion requires repeated blood sampling at short insufficiency and anovulation. After bromocriptine treatment the normal pattern of episodic LH secretion can be completely and precise intervals. The total duration of the study must be long enough to detect several hormone peaks. Thus we chose restored. According to standard endocrine textbooks and review articles, hypothyroidism should also result in ovarian insuffia 24 h blood sampling period with blood sampling every 10 min. A variety of methods for pulse detection has been ciency caused by an affected LH pulse pattern. However, until now, LH pulsatility in women with primary clinical or developed (Evans et al., 1992) . We calculated our data using the well-known and widespread Pulsar program according to subclinical hypothyroidism has not been examined. In our study we could not find any differences in LH pulse frequencies, the method of Merriam and Wachter (1982) .
Episodic LH secretion is affected by hyperprolactinaemia, amplitudes or other pulse characteristic between the euthyroid controls and the subclinical hypothyroid infertile patients. and low-frequency LH pulses are usually present in this disorder, together with reduction in reproductive potential Even the patient with clinical hypothyroidism, who had been suspended from substitution therapy for 4 weeks, had normal (Klibanski et al., 1984; Sauder et al., 1984) . Hyperprolactinaemic women may have regular cycles, but can also be basal LH values and a normal LH pulse frequency. Additionally, averaged prolactin and TSH values over 24 h and prolactin amenorrhoeic. Ovarian dysfunction can vary between luteal (Kirschbaum et al., 1993) . Infertility patients are more accustomed to medical examinations. Thus, we interpret the increased basal prolactin values in the control women awaiting a combined pituitary test as stress-induced.
Melatonin is known to influence the GnRH pulse generator and influences reproductive function via modulation of prolactin release (Reiter, 1980) . Moreover, interactions between melatonin and TSH secretion are likely. It is postulated that melatonin inhibits hypothalamic dopamine release. We observed higher melatonin values at certain time points during the evening and night for the subclinical hypothyroid patients. It was reported that nocturnal melatonin secretion is augmented in hypo-oestrogenic women, e.g. in amenorrhoeic women comprising WHO group I (Okatani and Sagara, 1994) . Our data suggest that subclinical hypothyroid women have better ovarian function, with lower early follicular, but higher midcycle and mid-luteal oestrogen concentrations. Thus, the higher melatonin values at seven time points during the evening and night may be due to a lower oestrogenic milieu during the early follicular phase in the subclinical hypothyroid group in comparison to the euthyroid group.
According to standard endocrine textbooks quoting Parker et al. (1974) , REM sleep is related to low prolactin concentrations, and subsequent non-REM sleep is associated with prolactin ascensions and peaks. We analysed the polygraphic recordings of sleep for euthyroid and subclinical hypothyroid women together because we could find no difference in LH, prolactin and TSH pulsatile release for the two groups. Using Cauter et al. (1982) , Mendelson et al. (1975) and Higuchi et al. (1979) , no cyclic relationship between recurrent REM and TSH pulse characteristics were not different between the subclinical hypothyroid patients and the control group. Thus, periods and prolactin nadirs could be observed. However, in our own study population, prolactin peaks were associated it is unlikely that the activity of the GnRH pulse generator is altered in either subclinical hypothyroidism or in clinical with slow wave sleep. Possibly, Van Cauter et al. (1982) could not find concomitance between prolactin peaks and sleep stages hypothyroidism. Consequently, ovarian function may be normal in subclinical cases and at least some cases of clinical hypo-3 and 4 because their study population was male and blood samples were obtained at 15 min intervals. In agreement with thyroidism.
Repetition of TRH stimulation tests after the finish of the the literature (Rossmanith and Yen, 1987) , in the present study LH pulse frequency during sleep was decreased and LH peaks 24 h blood sampling period proved that we had examined two distinct groups. TSH s and ∆TSH values were significantly were associated with slow wave sleep (Rosenfield, 1991) . Although Brabant et al. (1990) could find no correlation different for the euthyroid controls and the subclinical hypothyroid patients. However, two of the four subclinical hypothyroid between any sleep stage and the TSH secretion pattern, we observed significantly more TSH peaks during time awake. It patients had TSH s values of only 15.3 and 14.7 µU/ml (patients 2 and 5), in contrast to the prestudy values of 21.3 and seems likely that this discrepancy is due to different rating scores of sleep. 22.8 µU/ml. These data would not have met the inclusion criteria for enrolment of the patients in the study. This
In conclusion, subclinical hypothyroidism does not alter the function of the hypothalamic pulse generator and thus does observation is in agreement with other results in the literature. About 50% of patients with subclinical hypothyroidism recover not disturb the normal LH pulse pattern in the early follicular phase. Therefore, it is possible that women with subclinical spontaneously, while some patients may develop overt hypothyroidism (Hoff and Obricht, 1988; Franklyn, 1995; Lazarus, hypothyroidism and at least some women with clinical hypothyroidism have ovulatory ovarian function with normal follicular 1996). Interestingly, these two patients, in contrast to the other three patients, had no detectable thyroid antibodies. development and luteal function. Thus, there is no evidence that subclinical hypothyroidism is a cause of female infertility. The TRH test was performed in combination with LHRH. Surprisingly, basal prolactin values were elevated and significStimulation tests with TRH to diagnose subclinical hypothyroidism in infertile women are unnecessary and L-thyroxine antly higher in the control group than in the patient group, while stimulated prolactin values were not different and in the substitution therapy in these patients for fertility reasons should no longer be recommended. However, clinical hypothyroid normal range. Prolactin is known to be a stress hormone
